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Abstract. The nearby spiral galaxy NGC 6946 was ob
served with ISO-CAM in the mnd-infrared, achieving 7¢
resolution and sub MJy sr'l sensitivity. Images taken
with CAM filters LW2(7pm) and LW3 (15p In) arc anal -
ysed to deterinine the morphology of this galaxy and
understand better the emission mechanisims. The mid -
infrared emission follows an expouential disk with a scale
length 75", This is 60% of the scale length in the optical
R-band and about half the scalelength of the radio con-
tinuumn. The nuclear starburst region is too bright for re-
liable measurement in these images. Its surface brightness
exceeds 12 to 15 times that in the inner disk. Thearins and
interarm regions arc clearly outlined, with each of these
components contributing about equally to the disk emis-
ston. The arm-interarm contrast is 2-4 in the mid-1R, close
to that measured in the visible R hand light and lower than
the contrast in Ha, suggesting that non-ionizing radiation
contributes significantly to dust heating.
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1. Introduction

NGC 6946 is ancarby face-on spiral galaxy, a goodtar-
get for a study of star-formation and related processes in
“normal” galaxies. In additionto the well-resolved disk,
it has a starburst nucleus (e.g. Engelbracht et al. 1996),
and a bright northern spiral anmnthat earned it an entry
in the Atlas of Peculiar Galaxies (Arp 1966). NGC 6946
was therefore selected as a focus of the 1S0 (Kessler et al.
1996) Key Project under NASA Guaranteed Time on the
interstellar medium of normal galaxies (11clou et a. 1996).
We report here on the ISO-CAM (Cesarsky ct al. 1996)
maps obtained for this galaxy, revealing for the first time
the Inid-infrared (MIR)morphology at vastly improved
resolution and sensitivity.

MIR emissionin the 5 to 20 ypnrange is dominated
by very small grains fluctuating to hightemperatures arid
from Poly Aromatic Hydrocarbons (I'All) features. Fven
though these grains arc not in thermal equilibrium, they
still convert heating photons (Draine and Anderson1985),
and should therefore trace star forining regions, allowing a
detailed and un-extincted view of that activity. By study-
ing the distribution of the MIR emission with respect to
other compouents of the galaxy, i.e. HI, H,,ionized gas,
and starlight wc can also characterize the heating sources
for the MIR, and better define its diagnostic value.

2. Obsecrvations and Data reduction

NGC 6946 was mapped a 7y0m (LW2 filter, AX = 3.5P m)
and at 15y (LW3 filter, AX:6p ), using the raster
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3. Disk Structure

The ISOCAM maps of NGC 6946 have enough resolution,
sensitviy and extent to allow a detaled comparson with

the maps at other wavelenpths, The Mid-IR 1mages at

Fig. 1. I5OCAM tnage of NGC 6946 1 the TW?2 filter at
wavelength of 7, AX 2 350m This tmage 15 a mosiane of
Rox B pomntings alipned with the major axis Log scale of bright
ness s used to display the dvnamic range of the exponential
disk surface brghtness Some Galactic foreground stars are vis
ible to the south and west of NGO 6946 Fortuitous alignuent
of several features produce what ceems to be an “edpe”™ poacal
lel to the major axis o the north This as at teast partly 1eal
and visible 1 optical nnages, and s exaggerated by residual
tesponsivity dofts unaccounted for by the time-dependent flat
field

Fig. 2. ISOCAM inage of NGC 6946 1 the LW3 filter at  a

wavelenpth of 1 S me AX 60 m This imape 15 a mosaic of

R & pornty s




Mid- IR structure of NGC 6946 3

+
both wavele ngthis show a good qualitative similarity to

optical, radio and Ha hnages. Diffuse emission from the
disk intheinterarm regions is clearly detected (Figures 1
and 2) and can be traced out to ~ &', comparable to the
visible-ligtl( sizeof 10’ x 12'.

Except for the region in the inner 507 of the galaxy
where oval distortions arc present (Zaritsky & Lo 1984),
the Mid-1R light follows an exponential profile (Figure 3).
The radial profile of the galaxy is calculated by first de-
projecting the galaxy to the plane of the sky, subtracting
the mean sky from an annulus outside the galaxy andthen
taking median emission levels at diflerent annuli. By tak-
ing the median emission in an annulus instead of the mean
wc minimize contributions from very bright regions of the
spiral arms. Both1.W2 and 1L.W3images were analysed
in this manner and snow identical scale lengths of 75" at
radii between 70" and 200”. This scale length is mildly
dependent on range of radii where the fit is taken, and on
the sky subtraction; weestimatethe uncertainty at about

For comparison wc derive scale lengths for the optical
R-band, Ho, and 6 c¢in radio continuum cmission using

the same method as for the mid-infrared emission. The .

results arc listed in Table 1. Also listed are scale-lengths
derived by previous studies of this galaxy. Wc scc that the
mid-infrared emission and H « emnission have similar scale-
lengths closest to the scale lengthof CO distribution of
86" (Tacconi & Young1986,1Y86). Red light in optical
1 and R bands shows a scale leugth of 125" and115”.
T'o reconcile the optical and mid-infrared scale lengths we
need to have made in the CAMimages a sky subtraction
error about ten times greater than the pixel-to-pixel rms
noise. The ratio of rnid-infrared to radio behaves much like
the ratio of far-infrared to radio, falling by the expected
factor of 2 from a radius of 100" to 200" (Luet al. 1996).

Table 1. Scale lengths

10% Wavelength scalelength  range of fit  Source
7um 74.6" 70- 200"  this paper
15 pum 74 6" 70- 200"  this paper
Ha 71.9” 70 - 200"  this paper
6 i continuum 158.6" 70- 200" this paper
[ r T R-baud (0.70 s«m) 115.9” 70- 200"  this paper
A PHOT (60 i) GOyt m 121.9” 70- 200" this’papcr
‘o ol o 1 (21 cm) 294" 200- 580" TY8G
1 + 6cm radio continuung Ho 86" 40- 280" TY86
w o Total ISM (HI412) 112" 40-280"  TY86
q o OLW3 (15 um)
—~ 777‘7.. x LW2 (7 gum)
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iy TagoltOmEeL, o One of the striking features of the ISO-CAM maps of NGC
0 . ®eln, oo, 'T 6946 is the conspicuous diffuse disk underlyingthe arms,
9 “ \\1 The disk is relatively symimetric, making it, unlikely to
o . ] bethe result of transient effects in detectors or other ar-
"E: ‘. s | tifacts. In a semi-flocculent galaxy like NGC 6946 it is
f/i @ a“..;..uuu..“““. diflicult to quantify the arin-interarin contrast., Wc define
\C’.,s f% aaan this contrast as the ratio between the peakin the arms
- oereese, and the median valuc' of brightness in an annulus at, that
S8e6say,, o radius. The armregions were selected from the maps by
hd “'%%6%65 1 eye. The contrast varies between 2 and 4 with the northern
o arm showing a higher arm brightness. The arm-interarm
10000 ‘éo‘ S 1106 c 'K‘,o' c '260‘"‘ * o contrast rises from 2 to 4 with increasing radius along the

radius (arcseconds)

Fig. 3. The radial profile of NGC 6946 is exponential at
most wavelengths including the Mid- Infrared, but with dif-
ferent scale lengths. Here wc show the exponential profiles
seen with 1.W2,1W3 filters of ISOCAM, radio (6 cm), Ha,
Far-Infrared (60pm) (with 1S01'110'1') and Optical R banud
images for comparison

northernmost arm (Figure 4). The southernmost arm is
not continuous and shows arm-interarm contrast between
1 and 2 in the, inner parts of the galaxy and up to ~4
in the outer section which is disjointed (Figuresland 2).
These results are consistent with 1'Y86 who find that the
arm-interarin ratio in CO emission increases with radius.

Comparison of the arm-interarm contrast between
rnid-infrared and /{ o emnission could address the issue of
what heats the dust, and more specifically whether it is
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the joniziug radiation which is responsible for the mid-
infrared emission (Devercaux & Young 1993) or whether
diffuse soft UV and visible starlight plays a significant
role (Persson & Helou 1987) . 1f the dust heating is pri-
marily from ionizing radiation, the imd-infrared emission
should follow the distribution of 1onized gas as tr aced by
Ha for example. T'he data inhand (Figure 4) suggest that
the armn-interarm contrast is higher for Ha than for the
mid-IR. Since our Hoimages donot detect interarim emis-
ston, our estimate of the discrepancy in contrasts is only
a lower limit. The Ha and Mid-lit emission have similar
scale lengthisin the disk as showninthe previous section,
whereas they have dissimilar arin-interarm contrast, The
arm- interarm contrast in Mid-lit is closer to the contrast
IR band light, which has a muchlonger scale length than
mid-IR or Ha. One explanation may be that the PAlls arc
destroycd near 1111 regions in the arins, thus softening the
contrast between arms and interarms.
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Fig. 4. The Avm-Interarm contrast (defined in §4) is plotted
as a function of radius for the northern and the southern arms.
Th e triangles represent the H e arm-interarm contrast and the
open circles show the contrast for IW3 (154 m) image.

5. Nuclcus

Various indicators point to NGC 6946 as having astar-
burst nucleus (e.g. van dor Kruit, Allen & Rots 1977, Ricke
1976; Telesco & Harper 1980; DeGioia-Eastwood et al.
1984). The starburst nature of the nucleus is confirmed
by the ISOCAM data, which show a greatly enhanced
surface brightness, measuring 12 and 18 timnes the surface
brightuess of the nearby inner disk in LW2 and LW 3 filters
respectively (Figure 3). Because the nucleus reached be-

yond the lincarregime of the CAM detector in these ddca,
these values must be taken as lower linits to the surfade =
brightness of the nucleus. Telesco, Dresscl & Wolstencroft
1993 Illca.sure thepeak brightness at1 0.8 pmtobe 004
Jy. The size of the nuclens is measured to be 100 pe at
10 o (Telesco et al. 1993) and 8" (~ 200 pe) at 6 cin
continuum Beck & Hoernes (1996)

6. Conclusion

Based on this preliminary reduction of ISO-CAM data, it
is clear thatthe ~Ilid-infrared morphology of NGC 6946
is quite distinct fromn other traditional tracers of thein-
terstellar medium, and a promising addition because it, is
largely free of extinction.Themnaps clearly show the famil-
iar structure of arms, exponential disk, and high bright-
ness star-burst nucleus. However, they also suggest that
the mid-iufrared may be a more complex tracer, which
is closest to Hain disk scale length, but resembles most
the visible R band io arm-interarin contrast. The mid -
infrared emission is not distributed like atomic gas which
has a hole in the center (TY86) nor like total gas distribu-
tion, butits radial profile is similar to that of molecular
gas. Though puzzling and subject to more thorough data
reduction and analysis, these staternents arc not necessar-
ily contradictory, since each of the tracers is a product of
physical quantities mmodified by several effects,
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